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(54) Polymer electrolyte fuel cell 

(57) The present invention is for facilitating removal 
of water around the catalytic layers (2) of a polymer elec- 
trolyte fuel cell and for providing a polymer electrolyte 
fuel cell which can prevent a drop in output performance 
caused by excessive wetting of electrode layers due to 
a long-hour operation or a large current outputting op- 



eration. The polymer electrolyte fuel cell according to 
the present invention uses an electrode layer (7) having 
a water repellent porous base area and penetration ar- 
eas which are higher in water permeability than in the 
base area. Such base area and penetration areas are 
formed as by imparting water repeilency unevenly on a 
hydrophilic pore material, for example. 
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Description 

The present invention relates to a normal tempera- 
ture-operating electrolyte fuel cell for use in such appli- 
cations as a portable power source, an electric vehicle 
and a home powder source system. 

The normal temperature-operating polymer electro- 
lyte fuel cell generates electricity by electrochemically 
reacting a fuel gas such as hydrogen and an oxidizer 
gas such as oxygen. The heat, which simultaneously 
comes out in the reaction, is also made good use of. 

The basic construction composing a polymer elec- 
trolyte fuel cell IS configured as in the following, for ex- 
ample. A polymer electrolyte film is made of a hydrogen 
ion conductive resin such as a fluorocarbon resin having 
a sulto group. A catalytic layer substantially made of a 
carbon powder with a platinum group metal cataiyst car- 
ried thereon is formed closely on each surface of the 
polymer electrolyte film. Furthermore, a gas-permeable 
and electrically conductive electrode layer is provided 
directly on the outer surface of each catalytic layer. On 
the outer surface of the electrode layer, an electrically 
conductive separator is provided to mechanically clamp 
the assembly composed of the electrode layers and the 
polymer electrolyte film and to electrically connect the 
assembly with the adjoining assembly in series. A 
groove-shaped channel to evenly supply the gas to the 
electrode layer is formed on the surface of the separator 
facing the electrode layer. The fuel gas Is supplied to 
one of the pair of the electrode layers, and the oxidizer 30 
gas is supplied to the other. Hereafter described an ar- 
rangement in which hydrogen is used as the fuel gas 
and oxygen as the oxidizer gas. 

A hydrogen gas supplied from outside Is taken in 
the electrode layer on the hydrogen gas supplying side 3S 
or the anode while passing along the surface of the elec- 
trode layer. The hydrogen gas taken in the electrode lay- 
er diffuses and passes through the electrode layer, then 
reaches the catalytic layer When the hydrogen gas 
flows inside the catalytic layer and reaches a region 40 
where the polymer electrolyte coexists, an electrochem- 
ical reaction is caused between the hydrogen gas and 
the polymer electrolyte. The hydrogen gas is ionized by 
the reaction, and the generated hydrogen ions are taken 
Into the polymer electrolyte film. 4S 

On the other hand, an oxygen gas supplied from 
outside is taken in the electrode layer on the oxygen gas 
supplying side or the cathode while passing along the 
surface of the electrode layer. The oxygen gas diffuses 
and passes through the electrode layer, then reaches so 
the catalytic layer on the cathode side. Then, the oxygen 
gas turns into water vapor by reacting with hydrogen 
ions drifting from the anode through the electrolyte film. 
In this reaction, the electrons migrate from the anode to 
the cathode through an external load connected to the ss 
fuel cell. This migration of the electrons is utilized as an 
electric power This electrochemical reaction between 
hydrogen and oxygen further produces heat. Therefore, 



a cooling water is circulated through the inside of the 
fuel cell to keep the temperature of the fuel cell low, and 
the warmed water is utilized as a thermal energy. 

The polymer electrolyte fuel cell is usually operated 
in a temperature range from a room temperature to 
about 80'*C. Therefore, the water vapor generated by 
the electrochemical reaction on the catalytic layer on the 
cathode side mostly condenses into dew around the cat- 
alytic layer When the condensed water remains around 
' the catalytic layer, the oxygen gas is prevented from 
reaching the reaction area or the catalytic layer, and 
hence the cell performance is lowered. On the anode 
side, meanwhile, no water is generated. However, in a 
case the water generated on the cathode side perme- 
ates through the polymer electrolyte film and penetrates 
into the catalytic layer, or In a case the water vapor which 
is previously mixed into the fuel gas to prevent the elec- 
trolyte film from drying up condenses into dew and re- 
mains on the catalytic layer, the supply of hydrogen to 
the reaction area is blocked and the cell performance is 
dropped. 

To solve the problems, various countermeasures 
have been proposed and tried, which include a water- 
repellent finish of the electrode layers to maintain the 
reaction area or the catalytic layers in a good wet con- 
dition, and an increased flow vek>ctty of the gas flowing 
along the surface of the electrode layers so as to remove 
an excessive water sticking to the electrode layers. 

However, the employment of the water repellent fin- 
ished electrode layer causes a problem of hardly remov- 
ing the water, resulting in a decreased ceil performance, 
under some operating condittons as, for example, a high 
current density output operation which generates a 
large quantity of water or a low gas flow velocity opera- 
tion. In some serious cases, the gas channels on the 
surfaces of the electrode layers are clogged, with the 
output of the cell dropping to zero. 

ft is an aim of the present invention to solve the fore- 
going problem and to provide a polymer electrolyte fuel 
cell which can facilitate a removal of water around the 
catalytic layer of the cell, thereby to prevent the cell per- 
formance from dropping due to excessive wetting of the 
electrode layer as In the long-hour operatk^n or the high 
current density output operation. 

The present invention provKles a polymer electro- 
lyte fuel cell comprising: 

a plurality of assemblies, each assembly including 
a polymer electrolyte film with hydrogen ion conduc- 
tivity and a pair of electrode layers sandwitching the 
pplymer electrolyte film therebetween; and 
a plurality of electrically conductive separators, 
each separator being piled alternately with the as- 
sembly and including a gas supply channel to sup- 
ply a gas to the electrode layer and a gas outlet 
channel for discharging a gas from the electrode 
layer, wherein the electrode layer comprises a po- 
rous base area with water repellency and a pene- 
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tration area higher in water permeability than in the 
base area. 

In a preferred mode of the polymer electrolyte fuel 
cell of the present invention, the electrode layer is mainly 
composed of the porous base area and a plurality of the 
penetration areas which are scattered over the base ar- 
ea. 

In another preferred mode of the polymer electro^ 
lyte fuel cell of the present invention, the penetration ar- 
ea is formed through the electrode layer. 

The foregoing base area and penetration areas can 
be formed, for example, by adding water-repellency to 
a hydrophilic porous material unevenly and ununiformly. 
Most of the electrode layer surface is water repellent fin- 

* ' ished, however the scattering untreated areas or the 

• penetration areas are also provided sparsely. The water 
i * repellent finish is carried out with a water repellent agent 

containing a fluorocarbon resin, for example. 

While the prior art water repellent finish has been 
effected uniformly all over the surface of the electrode 
layer, the present Invention uses the uneven water re- 
pellent finish to realize coexistence of the water-repel- 
lent area and the untreated areas in the porous material 
formed. This facilitates the oozing of water generated 
on the catalytic layer into the gas channels through the 
untreated areas. The random scattering of the wet spots 
or the water repellent areas wherein water lie stagnant 
and the gas-flowing spots or the untreated areas accel- 
erates the gas flow velocity. This, it is considered, makes 
it easy to remove excessive water being stagnate within 
the electrodes. 

The penetration areas can be formed of holes made 
by perforating through the electrode layer excepting the 
gas permeable pores originally possessed by the po- 
rous material. Since water tends to penetrate through 
larger openings in the water repellent porous material, 
the excessive water oozes through the formed holes. As 
a result, the removal of water by the gas flow is facilitat- 
ed. 

Even if the penetration areas are water repellent, in 
the case that the penetration areas has larger pores 
than those in the base area, water drops penetrate the 
pores in the penetration areas and thus the same results 
can be obtained. 

When the penetration areas are arranged on the 
electrode layer so as to face the gas channel, more pref- 
erably along the center line of the gas channel where 
the gas flow velocity is high, water can be removed more 
efficiently thereby obtaining higher effects. 

The present invention also provides a polymer elec- 
trolyte fuel cell comprising an electric generator includ- 
ing: 

a plurality of assemblies, each assembly Including 
a polymer electrolyte film with hydrogen ion conduc- 
tivity and a pair of electrode layers sandwiching the 
polymer electrolyte film therebetween; and 



a plurality of electrically conductive separators, 
each separator being piled alternately with the as- 
sembly and including a gas supply channel to sup- 
ply a gas to the electrode layer and a gas outlet 
s channel for discharging a gas from the electrode 
layer, 

and further comprising a vibrator for applying a vi- 
bration to the electric generator. 

10 in a preferred mode of the polymer electrolyte fuel 
cell according to the present invention, the vibrator is an 
ultrasonic vibrator which produces vibration Intermit- 
tently or interlocked with the cell performance. Applying 
vibratbn with a relatively low frequency is more effective 

^5 In removal of the water which overflows and blocks the 
gas channels than the water which blocks the permea- 
ble pores in the electrode. Vibration with a high frequen- 
cy like ultrasonic, on the other hand, can remove the 
water which blocks the permeable pores In the electrode 

20 more efficiently. 

The present invention further provides a polymer 
electrolyte fuel cell comprising an electric generator in- 
cluding: 

2S a plurality of assemblies, each assembly including 
a polymer electrolyte film with hydrogen ion conduc- 
tivity and a pair of electrode layers sandwiching the 
polymer electrolyte film therebetween; and 
a plurality of electrically conductive separators. 
30 each separator being piled alternately with the as- 
sembly and including a gas supply channel to sup- 
ply a gas to the electrode layer and a gas outlet 
channel for discharging a gas from the electrode 
layer, 

35 and further comprising a gas compressor for inter- 
mittently compressing the gas to be supplied to the 
gas supply channel. 

Since the velocity of the gases flowing along the cat- 
40 alytic and the electrode layers can be raised temporarily 
by providing a compressor on the gas supply means and 
by intemirttently increasing the gas flow vekx:ity, stag- 
nating condensed water can be removed efficiently. 

While the novel features of the invention are set 
forth particularly in the appended claims, the invention, 
both as to organization and content, will be better un- 
derstood and appreciated, along with other objects and 
features thereof, from the following detailed descriptton 
taken in conjunction with the drawings. 

so 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWING 

FIG. 1 is a cross-sectional view showing the main 
55 part of the polymer electrolyte fuel cell in an embodiment 
of the present invention. 

FIG. 2 is a characteristics diagram showing the 
change with time in the output voltage of the same pol- 
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ymer electrolyte fuel cell. 

FIG. 3 is a characteristics diagram showing a 
change with time in an output voltage of a polymer elec- 
trolyte fuel cell in another embodiment of the present 
invention. 

FIG. 4 Is a characteristics diagram showing a 
change vyith time in an output voltage of a polymer elec- 
trolyte fuel cell in still another embodiment of the present 
Invention. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

Preferred embodiments of the present invention are 
hereinafter described in detail with reference to the at- 
tached drawings. 

EMBODIMENT 1 

A carbon powder with a particle diameter of several 
\xm was dipped in an aqueous solution of chioroplatinic 
acid. The carbon powder was then subjected to a reduc- 
tion treatment to carry a platinum catalyst thereon. The 
ratio of the carbon powder to the carried platinum was 
1 to 1 by weight. The carbon powder with platinum was 
then dispersed in an alcoholic solution of a polymer elec- 
trolyte to give a slurry. 

Meanwhile, an aqueous dispersion of a fiuorocar- 
bon resin ("Neofreon ND-1 " manufactured by Daikin In- 
dustries, Ltd., Japan) was applied by splashing onto the 
both surfaces of a carbon unwoven fabric with a thick- 
ness of 400 pm to be employed as an electrode so that 
the surfaces of the carbon unwoven fabric were coated 
unevenly with the fluorocarbon resin powder. The car- 
bon unwoven fabric was then dried, followed by a heat 
treatment at 400°C to produce a carbon unwoven fabric 
electrode. 

The obtained carbon unwoven fabric electrode as 
a whole showed water repel lency when wetted with wa- 
ter, but the water penetrated inside in time. By a micro- 
scopic observation of the surface and the section of the 
carbon unwoven fabric electrode, it was confirmed that 
there were scattered regions 30 pm to several mm In 
width where no fluorocarbon resin is applied. 

In parallel with that, the same kind of carbon unwo- 
ven fabric was uniformly coated with the aqueous dis- 
persion of the fluorocarbon resin and heat-treated. 
When this unwoven fabrk: was wetted with water, large 
water drops were formed on the surface of the unwoven 
fabric and would not penetrate inside even in part. 

One surface of each carbon unwoven fabric elec- 
trode thus water repellent finished was coated uniformly 
with the aforementioned slurry containing carbon pow- 
der and then dried to form a catalytic layer A polymer 
electrolyte film 1 with a thickness of 50 ^m made of a 
fluorocarbon resin having a suit o group was sandwiched 
between two pieces of the carbon unwoven fabric elec- 
trodes 7 so placed as to face the catalytic layer 2 each 
other. They were then dried to obtain an assembly 9 



shown in FIG. 1. The carbon unwoven fabric electrodes 
7 were 5 cm in length and width, while the polymer elec- 
trolyte film 1 was 8 cm in length and width. The carbon 
unwoven fabric electrodes 7 were put In the center of 
5 the polymer electrolyte film 1 . In the assembly 9 thus 
obtained, it was confirmed that the polymer electrolyte 
film 1 and the carbon unwoven fabric electrode 7 were 
firmly bonded each other via the catalytic layer 2 where 
the platinum-carrying caibon powder and the polymer 
10 electrolyte coexisted. 

The assemblies 9 and an airtight cartx^n separator 
plates 5 were piled altemately to grve a three-cell unit 
as shown in FIG. 1 . The separator plate 5 was 4 mm in 
thickness and has a plurality of channels 4 of 1 mm in 
15 width and depth, provided in one direction by cutting the 
surface thereof. A seal material 8 was interposed be- 
tween the separator plate 5 and the polymer electrolyte 
1 to provide an electrical insulation therebetween and 
to prevent leakage of the gases inside. 

End plates, which also serve as cooling plates, were 
placed on the both ends of the piled cells and the three 
cells were pressed and clamped under a pressure of 10 
kgf/cm^ in the piled directton. Characteristk^s tests were 
carried out with thus obtained three-cell unit as follows. 
A hydrogen gas as a fuel gas was supplied to the anode 
with the utilization of 60%. On the other hand, an air as 
an oxidizer gas was supplied to the cathode with the uti- 
lization of 20%. A temperature controller was provided 
on each gas supply unit, which was so set that the tem- 
perature of the supply gas was, in principle, identical 
with that of the cell. A humidifier is also provided on each 
gas supply unit, and the humkiity was so adjusted that 
the dew point of the supply gas was 15 to 35*^0 lower 
than the cell temperature. 

FIG. 2 shows the characteristics change with time 
when the three-cell unit of the present embodiment was 
operated with an output current density of 300 mA/cm^. 
FIG. 2 also shows the characteristbs of the prior art 
three-cell unit with the uniformly water repellent finished 
electrodes as a comparative example. The output volt- 
age of the comparative example dropped sharply 30 
minutes after the start of operation and ran out of power 
some 60 minutes later The three-cell unit of the present 
embodiment, on the other hand, maintained the per- 
formance high for a long time though the output dropped 
slightly in the initial stage. 

EMBODIMENT 2 

Another method of providing the electrode layers 
with an uneven water repellent finish will be described 
in the present embodiment. 

A paraffin powder with a melting point of 60 to 90'*C 
and a particle diameter of 0.01 to 0.2 mm was scattered 
over the surface of a carbon unwoven fabric 400 ^m in 
thickness. The unwoven fabric was then stored for 30 
minute in a thermostatic chamber maintained at 120'*C. 
The paraffin powder scattered on the unwoven fabric 
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melted land penetrated into the unwoven fabric by the 
heat treatment. The unwoven fabric was then taken out 
of the themiostatic chamber and was allowed to cool to 
a room temperature. An observation of this unwoven 
fabric confirmed penetrations of paraffin in the shape of 
cylinder 0.02 to 1 mm in diameter through the unwoven 
fabric. 

This unwoven fabric was dipped in the same aque- 
ous dispersion of ftuorocarbon resin powder as used In 
Embodiment 1 and dried. The material was then sub- 
jected to a heat treatment for some one hour at 400° C. 
Paraffin evaporates in the initial stage of such heat treat- 
ment, and the fluorocarbon resin powder which has 
stuck to the unwoven fabric by the dipping peels off in 
the heat treatment. Thus, the areas where paraffin stuck 
on the unwoven fabric are left uncoated with fluorocar- 
bon resin in the heat treatment. On the areas with no 
paraffin, on the other hand, the fluorocarbon resin pow- 
der sticks directly to the unwoven fabric when the ma- 
terial is dipped in the dispersion. The fluorocarbon resin 
sticking directly to the fabric melts thereby forming a wa- 
ter repellent coating on the unwoven fabric by the heat 
treatment, tn the unwoven fabric thus treated, the water 
repellent areas and the highly wettable areas coexist, 
each extending from one surface to the other. 

When the treated unwoven fabric was actually wet- 
ted with water on the surface, it was confirmed that water 
passed from one side to the other through the highly 
wettable areas where no fluorocarbon resin was coated. 
A three-cell unit was assembled using the water repel- 
lent finished unwoven fabric in the same manner as in 
Embodiment 1 . The obtained three-cell unit was oper- 
ated with an output current density of 300 mA/cm^ in the 
same way as in Embodiment 1 . As a result, a stable out- 
put voltage continued for not shorter than 1.000 min- 
utes. 

EMBODIMENT 3 

In the present embodiment, there will be explained 
a method of controlling the water permeability of the 
electrode layer through the pore diameter of a water re- 
pellent porous material. 

A carbon unwoven fabric 400 pm in thickness was 
coated with fluorocarbon resin by dipping in the same 
aqueous dispersion of fluorocarbon resin powder as 
used In Embodiment 1. The unwoven fabrfc was then 
heat-treated for some one hour at 400**C to form a fluor- 
ocarbon resin coating on the surface.. 

The unwoven fabric thus uniformly water repellent 
finished was roughly kxxsened into small pieces. These 
small pieces were immersed into an aqueous solution 
containing proper amounts of a surfactant and car- 
boxymethylcellulose as a binder, then the solution was 
stirred. When the solution was stirred, some of the un- 
woven fabric pieces broke up into single fibers, but other 
fibers remained in lumps. 

Those fibers were refabrtcated into a unwoven fab- 



ric. The remade unwoven fabric had two types of re- 
gions, dense regions made up of fibers that had not 
been dispersed by the foregoing stirring and coarse re- 
gions formed of fibers that had been dispersed apart by 

s the stirring and reassembled. 

In water repellent porous materials as the afore- 
mentioned unwoven fabric, the water permeability de- 
pends on the diameter of pores on the surface. That is 
to say, the larger the diameter, the easier the water pen- 

10 etration. In the foregoing unwoven fabric, the water per- 
meability on the coarse regions is higher than that on 
the dense regions, and water sticking to the surface of 
such porous material tends to move toward the coarse 
regions. 

15 A polymer electrolyte fuel cell was assembled using 
the remade unwoven fabric in the same manner as in 
Embodiment 1 . The three-cell unit obtained was oper- 
ated with an output current density of 300 m A/cm^ in the 
same way as in Embodiment 1 . A stable output voltage 

20 continued for not shorter than 1 ,000 minutes. That is. it 
was confirmed that the water generated by the electrode 
reaction and the condensed water can be removed 
through the coarse regions on the electrode layer. 

25 EMBODIMENT 4 

In the present embodiment, there will be explained 
a method of facilitating the removal of water generated 
on the catalytic layers by forming holes therethrough. 

30 Carbon unwoven fabrics were uniformly water re- 
pellent finished by dipping in the same aqueous disper- 
sion of fluorocarbon resin powder as used in Embodi- 
ment 1 . Then, a plurality of fine through holes were 
formed In the carbon unwoven fabrics using a carbonic 

35 acid gas laser. Four kinds of three-cell units were as- 
sembled using the unwoven fabrics, each with a differ- 
ent hole size and hole arrangement, in the same manner 
as in Embodiment 1 . Cell unit "A" was assembled using 
the carbon unwoven fabrics with 3 to 5 holes/cm^, each 

^0 50 |j.m In diameter, cut randomly on the surface. Cell unit 
"B" was assembled using the carbon unwoven fabrics 
on which 50 Mm-diameter holes were formed along the 
center line of the opposite gas channel of the separator 
plate at an interval of 3 mm. Cell unit "C" was assembled 

45 using the same carbon unwoven fabrics as used in Cell 
unit "A" but has the hole diameter of 100 )im. Cell unit 
"0" was assembled using the same carbon unwoven 
fabric as used in Cell unit "B" but has the hole diameter 
of 1 00 iim. It is noted that the hole diameter was so cho- 

50 sen as to be some 1 0 times the diameter of the carbon 
fiber used in the carbon unwoven fabric. 

The four kinds of three-cell units were tested with 
regard to the change with time In characteristics. The 
results are illustrated in FIG. 3. 

55 As shown in FIG. 3, all of the three-cell units in the 
present embodiment exhibited a long and stable output 
voltage unlike the comparative cell units using unwoven 
fabrics with no perforated hole. FIG. 3 shows the char- 
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acteristics changes at a current density of 300 mA/cm^, 
a hydrogen utilization of 60% and an air utilization of 

20%. 

When the three-cell units were tested at a current 
density of 500 mA/cm^ with a hydrogen utilization of 
60%. especially good results were obtained with Cell 
unit "B" and Cell unit 'D' which had been assembled 
with the carbon unwoven fabrics on which the through 
holes were formed regularly along the center line of the 
gas channels of theopposite separator plate. It was also 
indicated that Cell unit *C" with the fabrics with 100 |xm- 
diameter holes gave better results than Cell unit 'D" with 
the unwoven fabric with 50 ^m-diameter holes. That is 
probably because with rise in current density or utiliza- 
tion, the flow velocity of the gas that carries away water 
decreases in relation to the generation rate of water to 
I . be removed, and large holes can eliminate the water 
more efficiently. 

' EMBODIMENT 5 

In the present embodiment, there will be explained 
a method of facilitating the discharging the water gen- 
erated on the catalytic layer out of the unit by applying 
. vibration to the cell. 

Three cells of the prior art used as comparison ex- 
ample in Embodiment 1 were piled. A pair of metal end 
plates were provided on the both ends of this laminate. 
The end plates were then connected to each other via 
connecting members so as to compress the cells. Thus 
a three-cell unit (with an electrode area of 1 00 cm^) was 
obtained. The three-cell unit thus obtained was mounted 
on a mechanical vibrator stand and then vibrated con- 
tinuously or intermittently at a rate of 1 to 50 cycles per 
second. 

Separately, to apply vibration of a higher frequency, 
an ultrasonic vibration plate employing an ultrasonic pi- 
ezoelectric transducer (output of 50 W) was screwed to 
the end plates of a similar three-cell unit. As an electri- 
cally insulating plate, an acrylic resin plate which was 
right, hard and low in sound wave attenuation was in- 
terposed between the end plate and the three-cell unit 
in order to use the ultrasonic efficiently for eliminating 
the generated water. An electric circuit to adjust the 
magnitude and output time of the ultrasonic piezoelec- 
tric transducer was also mounted on an ultrasonic pie- 
zoelectric transducer. 

The three-cell unit was supplied with a hydrogen 
gas and an air in such a way that the utilization of the 
hydrogen gas on the anode side was 60% and the air 
utilization on the cathode side was 20%. A temperature 
controller and a humidifier were provided on each gas 
supply unit, which were so set that the temperature of 
the supply gas was identical with that of the cell and the 
dew point of the supply gas was 15 to 35''C lower than 
the temperature of the cell unit. 

FIG. 4 shows the changes in the output voltage of 
the three-cell units provided with the vibrator during a 



relatively short time period. 

As outputting continued at a current density of 300 
mA/cm2 the output voltage of the three-cell unit of the 
comparative example with no vibrator dropped sharply 
s 30 minutes after start of operation, and the three-cell 
unit was exhausted some 60 minutes later. It is shown 
in comparison that the three-cell units of the present em- 
bodiment all improved in performance as vibration was 
applied. The prbr three-cell unit as the comparative ex- 
10 ample continued to fall in output voltage with the lapse 
of time. On the other hand, the three-cell units of the 
present embodiment which were vibrated on the vibra- 
tion stand fell in performance in the initial stage but 
reached a normal state in certain stages. This effect was 
15 n\ore remarkable with a higher vibration frequency. The 
system of applying vibration of a relatively lowfrequency 
on such a mechanical vibrator stand, it appears, is not 
so effective in removing the water which blocks the gas 
permeable pores on the electrode but can effectively 
eliminate the water which overflows and blocks the gas 
channels. 

Applying ultrasonic to the three-cell unit was very 
effective in facilitating the removal of the water. Espe- 
cially the three-cell unit which was subjected to contin- 
uous ultrasonic vibration showed little fall in perform- 
ance from immediately after the start of operation. This 
indicates that vibrations of a high frequency are more 
effective in eliminating the water which blocks the gas 
permeable pores on the electrode. It was also found that 
the performance of the three-cell unit in which the ultra- 
sonic piezoelectric transducer was activated on and off 
or intermittently fell slightly when the piezoelectric trans- 
ducer was stopped but soon recovered after the trans- 
ducer was restarted. Considering the energy efficiency, 
noise, mechanical wear of the cell unit by vibration and 
other factors, therefore, the system of activating the pi- 
ezoelectric transducer intermittently is more attractive 
for practical application. 



In the present embodiment, there will be explained 
a method of facilitating the removal of the water stag- 
nating around the catalytic layers and the electrode lay- 
ers by intermittently increasing the pressure of the gas 
supplied to the cell. 

A three-cell unit (with an electrode area of 100 crn^) 
assembled by piling three of the same cells as used as 
comparison example in Embodiment 1 was mounted 
with a cylinder pomp (cylinder volume of 1,000 cm^) to 
a gas pipe for supplying the anode gas and to the other 
gas pipe for supplying the cathode gas so that each gas 
taken in the cylinder pomp could be discharged into the 
gas pipe instantly and intermittently. In addition, a gas 
check valve was mounted on the upstream side of cyl- 
inder pomp on each gas pipe, so that pressure might be 
effectively felt in the three-cell unit with no reverse flow 
of the gas discharged from the cylinder pomp. A pres- 
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sure sensor was provided near each joint to the cell unit, 
and an electrical drive unit interlocked with the pressure 
sensor for driving the cylinder pomp to apply pressure 
on the gas was mounted on the cylinder pomp. 

The three-cell unit equipped with that pressure ap- 
plication unit was tested to examine the change with 
time in characteristics. When the pressure application 
unit was not activated, the three-cell units of the present 
embodiment fell in performance too much to run any 
more some 60 minutes after the start in the continuous 
operation at a current density of 300 mA/cm^ as in the 
case with the prior three-cell unit. But when a pressure 
of 5,000 to 1 0,000 Pa was applied for 0.5 seconds at an 
interval of 10 minutes, the three-cell units recovered the 
original performance each time. This indicates that in- 
' ' termittent compression of the supply gas increased tem- 
• porarlly the flow velocity of the gas flowing in the cata- 
( ' lytic layers and the electrode layers, thereby eliminating 
the stagnating water 

In the above embodiment, the application of pres- 
sure on the anode side was synchronized with that on 
the cathode side in consideration of possible damages 
on the cell such as breakage of the film. But the two 
sides can be compressed independently of each other. 
Also, the application of pressure can be confined to the 
anode side or the cathode side alone with good results. 

As to the time of applying pressure, it was found that 
0.5 to 1.0 seconds was enough for the three-cell units 
used in the above embodiment to recover the original 
output characteristics. It appears that the time depends 
on the internal configuration of the cell system. There- 
fore, the duration of applying pressure is freely chosen 
for different cell unit configurations. The pressure to be 
applied is also decided on taking into consideration the 
internal structure of the cell unit and other factors. 

In the present embodiment. It is further noted, a gas 
cylinder pomp was used as means for applying pres- 
sure. Other means can be used instead, including a sys- 
tem consisting of an auxiliary gas cylinder and an elec- 
tromagnetic valve. 

As described, the present invention can effectively 
remove out of the cell unit the water stagnating around 
the catalytic layers and the electrode layers of the fuel 
cell, ensuring smooth supply of oxygen to the reaction 
area on the catalytic layers. Thus, the present invention 
provides a fuel celt which can maintain the performance 
at a high level for a long time. 

Although the present invention has been described 
in terms of the presently preferred embodiments, it is to. 
be understood that such disclosure is not to be interpret- 
ed as limiting. Various alterations and modifications will 
no doubt become apparent to those skilled in the art to 
which the present invention pertains, after having read 
the above disclosure. Accordingly, it Is intended that the 
appended claims be interpreted as covering all altera- 
tions and modifications as fall within the scope of the 
invention. 
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Claims 

1. A polymer electrolyte fuel cell comprising: 

a plurality of assemblies, each assembly in- 
cluding a polymer electrolyte film with hydrogen 
ton conductivity and a pair of electrode layers 
sandwiching said polymer electrolyte film ther- 
ebetween; and 

a plurality of electrrcally conductive separators, 
each separator being piled altematety with said 
assembly and including a gas supply channel 
to supply a gas to said electrode layer and a 
gas outlet channel for discharging a gas from 
said electrode layer, wherein said electrode lay- 
er comprises a porous base area with water re- 
pellency and a penetratk>n area higher in water 
permeability than In said base area. 



20 2. The polymer electrolyte fuel cell in accordance with 
claim 1 , wherein said electrode layer is mainly com- 
posed of said porous base area and a plurality of 
said penetration areas are scattered over said base 
area. 

25 

3. The polymer electrolyte fuel celt in accordance with 
claim T, wherein said penetration area is formed 
through said electrode layer. 

30 4. The polymer electrolyte fuel cell in accordance with 
claim 1 , wherein said penetration area is made of a 
hydrophiiic porous material and said base areas is 
made of a porous material provided with water re- 
pellency. 

3S 

5. The polymer electrolyte fuel cell in accordance with 
claim 4, wherein said water repeilency is provided 
by coating with a water repellent agent containing 
a fluorocarbon resin. 

40 

6. The polymer electrolyte fuel cell in accordance with 
claim 1, wherein said penetration area is a hole 
formed by perforating said electrode layer. 

7. The polymer electrolyte fuel cellin accordance with 
claim 1 , wherein said penetration area is provided 
at a portion on said electrode layer facing to said 
gas supply channel or said gas outlet channel of the 
opposite electrically conductive separator. 

so 

8. The polymer electrolyte fuel cell in accordance with 
claim 1 , wherein said penetration area comprises a 
water repellent pore larger in diameter than those 
on said base area. 

55 

9. A polymer electrolyte fuel cell comprising an electric 
generator including: 
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a plurality of assemblies, each assembly in- 
cluding a polymer electrolyte film with hydrogen 
Ion conductivity and a pair of electrode layers 
sandwiching said polymer electrolyte film ther- 
ebetween; and 5 
a plurality of electrically conductive separators, 
each separator being piled alternately with said 
assembly and including a gas supply channel 
to supply a gas to said electrode layer and a 
gas outlet channel for dischargbig a gas from io 
said electrode layer, 

and further comprising a vibrator for applying 
vibration to said electric generator. 

10. The polymer electrolyte fuel cell in accordance with is 
claim 9, wherein said vibrator is an ultrasonic vibra- 
tor arranged in contact with said electric generator. 

11. The polymer electrolyte fuel cell in accordance with 
claim 1 0, wherein said ultrasonic vibrator produces 20 
said vibration intermittently or interlocked with an 
output of said electric generator. 

1 2. A polymer electrolyte fuel cell comprising an electric 
generator including: 2S 

a plurality of assemblies, each assembly in- 
cluding a polymer electrolyte film with hydrogen 
Ion conductivity and a pair of electrode layers 
sandwiching said polymer electrolyte film ther- 30 
ebetween; and 

a plurality of electrically conductive separators, 
each separator being piled alternately with said 
assembly and including a gas supply channel 
to supply a gas to said electrode layer and a 3S 
gas outlet channel for discharging a gas from 
said electrode layer, 

and further comprising a gas compressor for in- 
termittently compressing said gas to be sup- 
plied to said gas supply channel. 40 
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(54) Polymer electrolyte fuel cell 



(57) The present invention is for facilitating removal 
of water around the catalytic layers (2) of a polymer elec- 
trolyte fuel cell and for providing a polymer electrolyte 
fuel cell which can prevent a drop in output performance 
caused by excessive wetting of electrode layers due to 
a long-hour operation or a large current outputting op- 
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eration. The polymer electrolyte fuel ceil according to 
the present invention uses an electrode layer (7) having 
a water repellent porous base area and penetration ar- 
eas which are higher in water permeability than in the 
base area. Such base area and penetration areas are 
formed as by imparting water repellency unevenly on a 
hydrophilic pore material, for example. 
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